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(57) A machine tool comprising: 

a holder to which a tool is fixed; 

a transmission/reception device provided in said 

holder; and 

a controller electromagnetically carrying out radio 
communication with said transmission/reception 

device: vi^herein 

a reception device is provided with 
an oscillation circuit simultaneously generating a 
plurality of carrier waves each having a distinct fre- 
quency; 

a modulation circuit modulating signal waves on 
said plurality of carrier waves; and 
a first antenna transmitting to a reception device a 
plurality of electronnagnetic waves each modulating 
said signal waves on one of said plurality of carrier 
waves: and wherein 

said reception device is provided with a second an- 
tenna receiving each of said electromagnetic waves 
transmitted; and 

a gate switch permitting said signal waves to be 
judged only when said plurality of carriers are simul- 
taneously received. 
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Description 

Technical Reld of the Invention 

[0001 ] This Invention relates to a machine tool where- 
in a holder in which is mounted a tool is externally con- 
trolled and to a method of communication therefor. 

Background Art 

[0002] In the case of a machine such as a machining 
center, it is nomial practice to automatically replace var- 
ious tools (Implements) by means of an automatic tool 
changer (ATC). A machine comprising a holder that is 
equipped with a so-ca!!ed ATC shank is used in this type 
of repidcerrient work. A generaiSy aucpteu anangement 
is such that the above-mentioned holder is automatically 
mounted on and removed from a spindle. 
[0003] In connection with the above, it is necessary to 
accurately adjust the position of the blade of a tool in 
order for high-precision woric such as boring to be car- 
ried out by means of the above-mentioned machine. As 
a matter of fact, It Is true that the position of the blade 
of the tool is preset in accordance with machining di- 
mensions, but presetting errors are present. Such being 
the case, when a worn blade is replaced, trial machining 
is first carried out, then the position of the blade of the 
tool is accurately adjusted on the basis of the trial ma- 
chining results, and thereafter actual machining work is 
started. 

[0004] Furthermore, in the event that the machining 
accuracy required is higher than the ATC accuracy, then 
machining work cannot be started immediately after the 
tool is replaced automatically, since errors are Involved 
on account of replacement work carried out by means 
of the ATC. Therefore, by way of preliminary machining, 
a workplace is machined to a diameter slightly smaller 
than the desired machined diameter, then the position 
of the tool is adjusted starting with preliminarily ma- 
chined dimensions, and thereafter the workpiece is ma- 
chined to the desired dimensions. 
[0005] In this regard, tool blade position adjustment 
work mentioned above depends on the manual work of 
an operator, since the pertinent adjustment needs to be 
perTomned with an accuracy of microns. Namely, the op- 
erator adjusts the tool blade by resorting to his delicate 
manual feel while watching a dial indicator graduated in 
microns, and thus a problem is pointed out In that this 
type of adjustment work is considerably troublesome 
and time-consuming. 

[0006] Such being the case, it is desired that fine ad- 
justment of the tool blade should be carried out auto- 
matically by a mechanism included tn the holder. By way 
of an example of an embodiment of the above, a method 
is conceivable whereby the holder includes: 

a driving source such as an electric motor; 

an adjustment device in which this driving source is 



used to universally vary tool blade positions; and 
a radio communication apparatus: such that 
the above-mentioned. adjustment device is driven 
and controlled through radio communication per- 
5 formed by means of an external controller, thus car- 
rying out fine adjustment of tool blade positions. 

[0007] However, a machine such as a machining 
center, which is used in a machining factory, is exposed 

10 to a large quantity of noise (disturbances) produced by 
sources such as various electric motors, relays, or elec- 
tric wiring. Therefore, radio communication between the 
holder and the controller are affected by the noise, 
thereby presenting a problem in that high-precision woric 

15 cannot be carried out smoothly. 
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munication frequencies such that noise frequencies are 
avoided. However, It is difficult to detect the noise In a 
reliable manner, since some noise is produced conlinu- 
ously, and some noise is generated sporadfesally. This 
being so, usable frequency ranges are extremely limit- 
ed, and there Is a possibility that in some cases, no us- 
able frequencies are available. In this regard, it is con- 
ceivable to increase the output of electromagnetk: 
^5 waves used, thereby raising the S/N ratio. However, this 
approach is inappropriate in that the limits of "extremely- 
low-power radio waves" as prescribed by the Wireless 
Telegraphy Act are exceeded. 

[0009] The present invention seeks to solve this prob- 
30 lem. Accordingly, it is an object of the present invention 
to provide a machine tool capable of reliably precluding 
the effect of disturbances, thereby carrying out radio 
communication between a holder and an external con- 
troller with high accuracy, as well as a method of com- 
35 munication therefor. 

Disclosure of the Invention 

[0010] Radio communication is carried out by means 

40 of electromagnetic waves between a controller and a 
transmission/reception device provided in a holder to 
which a tool is fixed. In this regard, a transmitter trans- 
mits to a receiver a plurality of electromagnetic waves 
which are simultaneously generated by an oscillation 

45 circuit and each of which is a carrier wave, having a dis- 
tinct frequency, on which given signal waves are mod- 
ulated. On the other hand, a receiver receives the trans- 
mitted electromagnetic waves and pass judgment on 
signal waves only when a plurality of carrier waves are 

so received simultaneously. 

[0011] For this purpose, a gate is opened only when 
a plurality of carrier waves are inputted simultaneously 
through radio communk^ation carried out by means of a 
plurality of carrier waves, thereby reliably precluding er- 

55 roneous operation without being affected by disturbanc- 
es, thus leading to improved reliability. In this connec- 
tion, operational conditions of the holder are detected 
by means of a detection device Included in the holder. 
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then pertinent detection signal waves are modulated on 
a plurality of carrier waves and are transmitted to the 
controller. In the controller, therefore, it Is possible to ac- 
curately judge operational conditions of the holder. 
[001 2] Furthermore, a crystal resonator is provided in 
the oscillation circuit. The above-mentioned crystal res- 
onator has a fundamental frequency, which is an un- 
damped natural frequency, and besides, by way of char- 
acteristics, the crystal resonator also has a plurality of 
frequencies that are equal to the above-mentioned fun- 
damental frequency multiplied by integers (frequencies 
of higher hamnonic waves). For this reason, a funda- 
mental carrier wave having a fundamental frequency 
and a plurality of cannier waves having higher harmonic 
frequencies can be taken out of a single crystal resona- 
tor. Furthermore, It is possible for the crystal resonator 
to oscillate stable carrier waves. However, even in the 
case of such a crystal oscillator, temperature variations 
cause oscillation frequencies to vary. In this regard, ex- 
tremely stable oscillation frequencies can be obtained 
by providing the oscillation circuit with a reverse char- 
acteristics circuit, whose characteristics are reverse to 
the frequency characteristics of the crystal resonator 
used in the oscillating circuit, A temperature compensa- 
tion capacitor is an example of such a reverse charac- 
teristics circuit. 

[001 3] Furthennore, the holder is provided with a cor- 
rection head or a measurement head. Through radio 
communication carried out by means of a controller, it 
is possible to automatically detect the tool position as 
adjusted by means of such a correction head or the 
workpiece machined dimensions as measured by 
means of such a measurement head. 

Brief Description of the Drawings 

[0014] FIG. 1 is an overall perspective view of a ma- 
chine tool relating to the first embodiment of the present 
invention. 

[0015] FIG. 2 is a longitudinal sectional illustration of 
a tool holder that is a component of a machine tool re- 
lating to the above-mentioned first embodiment. 
[001 6] FIG. 3 is a block diagram of circuits for a trans- 
mission/reception device included in the above-men- 
tioned tool holder. 

[0017] FIG. 4 Is an Illustration of an oscillation circuit 
that is a component of the above-mentioned transmis- 
sion/reception device. 

[001 8] FIG. 5 is an illustration of oscillation character- 
istics and reverse characteristics of the above-men- 
tioned oscillation circuit 

[0019] FIG. 6 is a block diagram of a controller that is 
a component of a machine tool relating to the above- 
mentioned first embodiment. 

[0020] FIG. 7 is a longitudinal sectional illustration of 
a tool holder that is a component of a machine toot re- 
lating to the second embodiment of the present inven- 
tion. 



Best Configurations for Carrying out the Invention 

[0021] FIG. 1 is an overall perspective view of a ma- 
chine tool relating to the first embodiment of the present 
5 invention. 

[0022] The above-mentioned machine tool 10 com- 
prises a cutting machine 14, a tool holder (a holder) 18 
that can be readily mounted on and removed from a 
spindle 16 of the above-mentioned cutting machine 14, 
^0 a transmission/reception device 20, and a controller 22 
that carries out radio communication with the transmis- 
sion/reception device 20 by means of electromagnetic 
waves. Articles such as an electric motor 21 and a relay 

23 are placed in a machining factory where the cutting 
IS machine 10 is used. 

[0023] A spindle 1 6 Is linked to a rotary driving source 
that is not shown, and Is supported by a movable base 

24 in such a way that rotation is permitted. Moreover, 
the above-mentioned spindle 16 Is capable of moving 

^0 freely in the direction of the arrow A (horizontally), in the 
direction of the arrow B (vertically), and in the direction 
of the arrow C (axially). 

[0024] As shown in FIG. 2, a tool holder 1 8 has, at 
one end, a shank portion 26 that is fitted Into the spindle 

25 1 6, At the other end of the above-mentioned tool holder 
18 Is mounted a cutting tool 28 (by way of a tool). The 
tool holder 1 8 comprises a correction head 30 capable 
of adjusting the position of the cutting tool 28 in the radial 
direction of the spindle 1 6 (in the direction of the arrow 

30 C), a driving device 32 for driving the correction head 
30. a detection device 34 for detecting the position as 
adjusted by the above-mentioned correction head 30, 
and a battery (DC power supply) 35. 
[0025] The driving device 32 has a DC electrb motor 

S5 36 which is included in the tool holder 18 and which is 
capable of normal and reverse rotations. A speed re- 
ducer 38 is linked to the driving shaft 38 of the DC elec- 
tric motor 36. The speed reduction ratio of the speed 
reducer 38 is set at a high value. A driving adapter 42 

"^0 Is linked to an output shaft 40 of the speed reducer 38. 
A slit 44, whfch extends axially (In the direction of the 
arrow D), is fonmed at one end of the driving adapter 42. 
A conical tapered driving shaft 48 engages with the silt 
44 by means of a pin 46 in such a way that the conical 

-^5 tapered driving shaft 48 is permitted to advance and re- 
tract freely. On the exterior peripheral surface of the ta- 
pered driving shaft 48 are placed a plurality of slightly 
Inclined rollers 50, with a cage 52 serving as a retainer, 
in such a way that the rollers 50 are permitted to roll 

so freely. On the outside of the above-mentioned rollers 50 
Is provided a power unit 54. 

[0026] On the interior peripheral surface of the power 
unit 54 Is formed a tapered surface 56 that corresponds 
to the exterior peripheral surface of the tapered driving 
55 shaft 48. On the other hand, the diameter of the exterior 
peripheral surface of the power unit 54 Is so established 
as to be constant along the axis (namely, the power unit 
54 has an axially straight exterior peripheral surface). At 
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each end of the power unit 54 are provided a pair of sirts 
(not shown) that are close to each other. When the ta- 
pered driving shaft 48 is caused to rotate, the tapered 
driving shaft 48 and the rollers 50 move in the longitu- 
dinal direction while rotating, thereby pemiitting the 
power unit 54 to expand and contract radially within giv- 
en limits. 

[0027] On the exterior periphery of the power unit is 
placed a head housing 58, which is approximately cy- 
lindrical and on whose exterior peripheral surface is 
fomned an S-shaped slit 60. The head housing 58 has 
a movable portion 61 . When the above-mentioned pow- 
er unit 54 expands radially, the movable portion 61 is 
pressed radially outward, thereby being displaced in the 
direclion of the arrow C1 with flexibility provided by the 
b-shaped siit bO. The cutting looi 26 is mounted on the 
movable portion 61 . 

[0028] The detection device 34 comprises a displace- 
ment detection sensor (a linear sensor) 62 for detecting 
corrected displacements of the head housing 58 in the 
direction of the arrow C. As shown in FIG. 2, the detec- 
tion sensor 62 has a coil 64. A measuring core 66 is 
placed in the above-mentioned coil 64 in such a way 
that the measuring core 66 is permitted to freely ad- 
vance and retract. The above-mentioned measuring 
core 66 is placed on a contact portion 68, and the coil 
64 is screwed to one of a pair of expansion/contraction 
members of the power unit 54 with a fixing member 70 
interposed in-between. A sensor pressing portion 72 is 
screwed to the rest of the pair of expansion/contraction 
members of the power unit 54 such that the sensor 
pressing po.rtlon 72 faces the contact portion 68: The 
above-mentioned contact portion 68, the aforemen- 
tioned sensor pressing portion 72, and above-described 
head housing move as one body in the direction of the 
an-ow C, with the contact portion 68 and the sensor 
pressing portion 72 kept pressed against each other at 
all times, 

[0029] One end of a metal bellows capsule 74 is fixed 
to the contact portion 68. The coil 64 is covered with the 
bellows capsule 74. The function of the bellows capsule 
74 is to waterproof the entire detection device 34. In 
place of the bellows capsule 74, other members such 
as a cylinder having O-rings or a rubber cover may be 
adopted provided that the pertinent purpose can be 
achieved. 

[0030] As shown in FIG. 3, the coil 64 of the sensor 
62 is connected to a direct FM modulation circuit 76. 
Moreover, an oscillation circuit 78 is connected to the 
above-mentioned direct FM modulation circuit 76, As 
shown in FIG. 4, the oscillation circuit 78 comprises a 
crystal resonator 80, a temperature compensation cir- 
cuit 82, and an oscillation transistor 84. The crystal res- 
onator 80 simultaneously generates two carrier waves, 
since the crystal resonator 80 has a fundamental fre- 
quency, which is an undamped natural frequency, and 
a frequency that is equal to the above-mentioned fun- 
damental frequency multiplied by an integer (a frequen- 



cy of a higher harmonic wave). As shown in FIG. 5. a 
temperature compensation circuit 82 comprises a re- 
verse characteristics circuit, whose characteristics are 
reverse to the frequency characteristics of the crystal 
5 resonator 80. A temperature compensation capacitor is 
an example of such a reverse characteristics circuit. 
[0031] As shown in FIG. 3, an indirect FM modulation 
circuit 86 is connected to the direct FM modulation cir- 
cuit 76. An ID recognition signal wave fsO is inputted into 

10 the above-mentioned indirect FM modulation circuit 86 
from an ID recognition signal generation circuit 88. The 
indirect FM modulation circuit 86 Is connected to a com- 
posite carrier wave transmission output circuit 90. An- 
tenna wires 92a and 92b are provided in the above-men- 

?5 tloned composite canier wave transmission Cuiput cir- 
cuit 90. As shown in FIG. 2, antenna wires 92a and 92b 
are mounted on the exterior periphery of the tool holder 
18, being surrounded by a cover member 93. 
[0032] As shown in FIG. 6, the controller 22 comprises 

20 antenna wires 94a and 94b for receiving electromagnet- 
ic waves transmitted from the antennas 92a and 92b for 
the transmission/reception device 20. A fundamental 
electromagnetic wave reception device 96 for receiving 
a fundamental electromagnetic wave f 1 and a higher- 

25 degree higher hamnonic wave reception device 98 for 
receiving higher-degree higher harmonic wave fn are 
connected to the above-mentioned antenna wires 94a 
and 94b. The fundamental electronnagnetic wave recep- 
tion device 96 and the higher-degree higher harmonic 

30 wave reception device 98 are connected to frequency 
conversion circuits 100 and 102, respectively. Signals 
are inputted into the above-mentioned frequency con- 
version circuits 100 and 102 from local oscillation cir- 
cuits 1 04 and 106, respectively, for the purpose of gen- 

35 erating low-frequency waves. 

[0033] Intermediate frequency amplification circuits 
1 08 and 110 are connected to the frequency conversion 
circuits 100 and 102. respectively. Wave detection cir- 
cuit demodulators 112 and 114 are connected to the in- 

40 termediate frequency amplification circuits 108and110, 
respectively. The wave detection circuit demodulators 
112 and 114 separate carrier waves from signal waves 
and transmit respective carrier waves to received signal 
input recognition circuits 116 and 118, respectively; and 

45 transmit respective signal waves to an ID recognition 
signal circuit 120 and a countercircuit 1 22, respectively. 
The received signal input recognition circuits 116 and 
118 transmit to a gate switch circuit 1 24 such signals as 
Indicate whether or not respective carrier waves have 

50 been inputted. The above-mentioned gate switch circuit 
1 24 transmits recognition signals to an operation switch 
processing circuit 126 only when input signal are trans- 
mitted from both of the above-mentioned received sig- 
nal input recognition circuits 116 and 118. 

55 [0034] An explanation will be given below regarding 
the operation of the machine tool 1 0 which relates to the 
first embodiment and which is constructed as described 
above 
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[0035] Driving signals are inputted into the driving de- 
vice 32 when signals are transmitted form the controller 
20 to the transmission/reception device 20 by means of 
electromagnetic waves through the antenna wires 694a 
and 94b. On account of the above, the electric motor 36 
Is set in rotating motion, then the rotating speed of the 
-above-mentioned electric motor 36 is significantly re- 
duced by the speed reducer as shown in FIG. 2, and 
thereupon the driving adapter 42 that Is linl<ed to the out- 
put shaft 40 of the speed reducer 38 is set rotating. Then 
the tapered driving shaft 48 that engages with the driving 
adapter 48 44 by means of the pin 46 inserted through 
the slit 44 are set in rotating motion, and thereafter the 
rollers 50 that are in sliding contact with the exterior pe- 
ripheral surface of the above-mentioned driving shaft 48 
are set rotating. 

[0D36] The rollers 50 are in sliding contact with the 
exterior peripheral surface of the driving shaft 48 such 
that the rollers 50 are circumferentially inclined. The roll- 
ing of the rollers 50 causes the power unit 54 to radially 
expand or contract (in the direction of the arrow C) within 
given limits. When the power unit 54 expands or con- 
tracts in the direction of the arrow C, the sensor 62 is 
activated, and displacements of the above-mentioned 
power unit 54, namely displacements of the correction 
head 30, are transmitted by means of electromagnetic 
waves. 

[0037] In specific temis, two carrier waves (such as 
foo) are generated simultaneously by the oscillation cir- 
cuit 78, and a modulated wave on which is modified a 
signal wave fo obtained from the sensor 62 is transmit- 
ted from the direct FM modulation drcuit 76 to the indi- 
rect FM modulation circuit 86. Furthenmore, an ID rec- 
ognition signal wave fs1 is inputted into the indirect FM 
modulation circuit 86. The above-mentioned ID recog- 
nition signal wave fsl is inputted into the composite 
wave transmission output circuit 90 from the above- 
mentioned indirect FM modulation circuit 86. The conrv 
poslte wave transmission output circuit 90 transmits a 
fundamental electromagnetic wave f1 and a higher-de- 
gree higher harmonic wave fn to the controller 22 from 
the antenna wires 92a and 92b through the antenna 
wires 94a and 94b. 

[0038] As shown in FIG. 6, the controller 22 transmits 
the fundamental electromagnetic wave f1 received 
through the antenna wires 94a and 94b to the funda- 
mental eleclromagnelic wave reception device 96, and 
moreover transmits the higher-degree higher harmonic 
wave f n to the higher-degree higher hamnonic wave re- 
ception device 98. The fundamental electromagnetic 
wave reception device 96 and the higher-degree higher 
harmonic wave reception device 98 serve to input the 
fundamental electromagnetic wave f 1 and the higher- 
degree higher harmonic wave fn, respectively, into the 
frequency modulation circuits 100 and 102, respective- 
ly. Moreover, signals are inputted into the frequency 
modulation circuits 100 and 102 from the local oscilla- 
tion circuits 104 and 106 for the purpose of generating 



low frequencies. 

[0039] Furthenmore, pertinent signals are transmitted 
from the intermediate frequency amplification circuits 
1 08 and 1 1 0 to the wave detection circuit demodulators 

5 112 and 114, respectively, The wave detection circuit de- 
modulators 112 and 114 separate carrier waves from 
signal waves^.and transmit respective carrier waves to 
the received signal input recognition circuits 116 and 
118, respectively. Moreover, the wave detection circuit 

10 demodulators 112 and 114 transmit respective signal 
waves to the ID recognition signal circuit 120 and the 
counter circuit 122, respectively. The received signal in- 
put recognition circuits 1 1 6 and 1 1 8 transmit to the gate 
switch circuit 124 such signals as indicate whether or 

15 not respective carrier waves have been inputted. The 
gate switch circuit 124 transmits recognition signals to 
the operation switch processing circuit 126 only when 
input signal are transmitted from both of the above-men- 
tioned received signal input recognition circuits 116 and 
118. 

[0040] In this regard, in the case of the first embodi- 
ment, two can-ier waves each having a distinct frequen- 
cy are transmitted from the transmission/reception de- 
vice 20 to the control 22, and recognition signals are 

25 transmitted to the operation switch processing circuit 
126 only when the gate switch judges that the above- 
mentioned two cannier waves have been inputted. Such 
being the case, a desirable effect is obtained in that the 
first embodiment is not affected by phenomena such as 

30 disturbances and therefore it is possible to reliably pre- 
vent erroneous operations from occurring, thereby en- 
hancing reliability. 

[0041] In specific terms, the crystal resonator 80, 
which Is a component of the oscillation circuit 78, has a 

35 fundamental frequency, which is an undamped natural 
frequency, and besides, by way of characteristics, the 
crystal resonator 80 also has a plurality of frequencies 
that are equal to the above-mentioned fundamental fre- 
quency multiplied by integers (frequencies of higher har- 

^0 monic waves). On account of the above, a fundamental 
cam'er wave having a fundamental frequency and a plu- 
rality of carrier waves having higher hamnonic frequen- 
cies can be taken out of the sole crystal resonator 80. 
For example, in the event that a frequency of 30 MHZ 

45 Is used for a fundamental carrier wave and a frequency 
of 60 MHZ is used for a higher harmonic wave, then the 
gale switch circuit 124 opens only when both of the 
above-mentioned waves are received. It is normally in- 
conceivable that the gate switch 124 opens on account 

50 of the occurrence of phenomena such as disturbances. 
[0042] On the basis of the above, the first embodiment 
has the advantage that since radio communication is 
carried out by using two carrier waves and an AND cir- 
cuit, erroneous operations are prevented as far as pos- 

55 sible, thus drastically improving the reliability of radio 
communication. Moreover, another desirable effect is 
achieved In that since the use of the sole crystal reso- 
nator 80 can cause two or more carrier waves to be gen- 



5 



BNSOCX^IO: <EP 1112B10A1 I > 



9 



EP1 112 810 A1 



10 



erated simultaneously, the construction of the oscillation 
circuit 78 can be effectively simplified, thereby leading 
to economization. 

[0043] Furthermore, the oscillation circuit 78 compris- 
es a reverse characteristics circuit, whose characteris- 
tics are reverse to the frequency characteristics of the 
crystal resonator 80. For example, the oscillation circuit 
78 comprises the temperature compensation circuit 82, 
which is a temperature compensation capacitor For in- 
stance, with respect to tennperature variations from 
-1 0*C to 50*C, it Is possible to curb frequency variations 
to between 3 PPM and 5 PPM. Therefore, since fre- 
quency variations conresponding to a frequency of 30 
MHz is between 90 Hz and 150 Hz, it possible to obtain 
stable oscillation frequencies with respect to tempera- 
ture iropioti#\rko tKi lo Krinninn oK/Mit o HAC^iroKlA f%Har>t in 

that very small temperature variations can be accurately 
coped with. 

[0044] Furthermore, the tool holder 1 8 and the con- 
troller 22 carry out radio communication with each other 
by means of electromagnetic waves. The above-men- 
tioned controller 22 drives and controls the DC electric 
motor 36, by the so-called the answerback method, on 
the basis of the information received from the sensor 62, 
which is a component of the detection device 34 for the 
above-mentioned tool holder 1 8. Such being the case, 
a desirable effect is brought about in that the correction 
head 30 is capable of carrying out correction work with 
high accuracy and in a reliable manner 
[0045] FIG. 7 is a longitudinal sectional illustration of 
a tool holder 132, which is a component of a machine 
tool 130 relating to the second embodiment of the 
present invention. The above-mentioned tool holder 1 32 
has, at one end, a shank portion 136 that is fitted into a 
spindle 134. At the other end of the tool holder 132 Is 
mounted a measuring head 138 (by way of a tool) for 
measuring operational conditions of a workpiece to be 
machined. The above-mentioned tool holder 132 in- 
cludes a battery (a DC power supply) 142 and a detec- 
tion device 1 40 for detecting displacements as meas- 
ured by the measuring head 1 38. 
[0046] A sliding housing 144 is fitted into the middle 
part of the tool holder 1 32 in such a way that advancing 
and retracting are penmitted to be performed freely 
along the axis (In the direction of the arrow E) with a 
spring 146 Interposed between the sliding housing 144 
and the shank portion 136. On the exterior periphery of 
the sliding housing 144 is longitudinally formed a guide 
groove 148 having a given length. A ball 1 50 is fitted Into 
the guide groove 150. Inside the sliding housing 144 is 
placed a substrate 152 on which are mounted parts for 
radio transmission/reception. Moreover, in the front part 
of the slide housing 144 is contained the detection de- 
vice 140. 

[0047] The detection device 140 comprises a dis- 
placement detection sensor 156 which is a linear sensor 
and which is retained by a fixed cylindrical body 154. 
The sensor 1 56 is constructed similarly to the sensor 62 



in the first embodiment, and therefore, identical compo- 
nents are denoted by identical reference symbols, with 
detailed explanations omitted. 

[0048] The measuring head 138 comprises measur- 
5 ing pins (probes) 158a and 158b capable of freely ad- 
. vancing and retracting radially (in the direction of the ar- 
row F), namely, in the direction perpendicularto the axis. 
The measuring pins 1 58a and 1 58b are fixed to contact 
levers 160a and 160b. respectively The contact levers 
10 160a and 160b extend in the direction of the an-ow E. 
Moreover, at one end of each of the contact levers 1 60a 
and 1 60b is provided a contact point such that one con- 
tact point faces the other. Between the contact levers 
1 60a and 1 60b is placed a shaft 1 62 such that advanc- 
15 ing and retracting are permitted to be freely performed. 
One end of the shaft 1 62 engages with the above men 
tioned contact points. On the other hand, the other end 
of the shaft 1 62 is In contact with the contact portion 68 
that is a component of the sensor 1 56. 
20 [0049] A rough explanation will be given below re- 
garding the operation of the machine tool 1 30 which re- 
lates to the second embodiment and which is construct- 
ed as described above. With the tool holder 132 mount- 
ed on the spindle 134, the sensor 156 becomes activat- 
es ed by means of driving signals received from the con- 
troller 22. Then the tool hoteler 1 32 is moved to a position 
in alignment with a given machined hole in a workpiece 
that is not shown, and the measuring head 1 38 is insert- 
ed into the machined hole. The measuring pins 158a 
30 and 1 58 b come Into contact with the interior wall of the 
machined hole and advance/retract In the direction of 
the arrow F, with the result that the contact points of the 
contact levers 160a and 160b exert pressure on the 
shaft 162. 

35 [0050] Accordingly, in the event that the diameter of . 
the woriqaiece is small enough, the shaft 162 moves in 
the direction of the arrow El shown in FIG. 7 and press- 
es the contact portion 68 of the sensor 156 toward the 
coil 64, thereby pemnitting the measuring head 138 to 

40 yield measured values. Just as in the case of the first, 
embodiment, such measured values are carried by a 
fundamental electromagnetic wave f 1 and a higher-de- 
gree higher harmonic wave fn and transmitted from the 
antenna wires 92a and 92b through the antenna wires 

4s 94a and 94b, respectively. Accordingly, In the case of 
the second embodiment, an effect similar to that In the 
first embodiment can be obtained. 
[0051] It this connection, in the second embodiment 
is used the measuring head 138 that serves to measure 

so diameters of machined holes in workpleces. However, 
the type of a measuring head is not limited to the above, 
but it is possible to use, for example, heads for measur- 
ing hole depths or shapes (not shown). 

S5 Possibility of Industrial Utilization 

[0052] In the case of the machine tool and the method 
of communication therefor relating to the present inven- 
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tion. radio cx>mmunication is carried out between a con- 
troller and a transmission/reception device by nneans of 
electromagnetic waves, and moreover, the judgment of 
signal waves Is made only when a plurality of electro- 
magnetic waves each of which is a carrier wave having 
a distinct frequency and on which are modulated given 
signals-are simultaneously received by a reception de- 
vice from a transmission device. Such being the case, 
a gate is opened only when a plurality of carrier waves 
are simultaneously inputted, and therefore, the above- 
mentioned machine tool is not affected by phenomena 
such as disturbances, thus en-oneous operations are re- 
liably prevented, thereby enhancing reliability. 



Claims 

1 . A machine tool comprising: 

a holder to which a tool is fixed; 

a transmission/reception device provided in 

said holder; and 

a controller el ectromagnetically carrying out ra- 
dio communication with said transmission/re- 
ception device: wherein 
a reception device Is provided with 
an oscillation circuit simultaneously generating 
a plurality of carrier waves each having a dis- 
tinct frequency; 

a modulation circuit modulating signal waves 
on said plurality of carrier waves; and 
a first antenna transmitting to a reception de- 
vice a plurality of electromagnetic waves each 
modulating said signal waves on one of said 
plurality of carrier waves: 
and wherein 

said reception device is provided with a second 
antenna receiving each of said electromagnetic 
waves transmitted; and 
a gate switch permitting said signal waves to 
be judged only when said plurality of carriers 
are simultaneously received. 

2. A machine tool as defined in claim 1 , wherein 
said oscillation circuit comprises: 

a single crystal resonator taking out not only a fun- 
damental frequency but also frequencies of higher 
harmonic waves. 

3. A machine tool as defined in claim 1 or 2, wherein 
said oscillation circuit comprises: 

a crystal resonator; and 
a reverse characteristics circuit having charac- 
teristics reverse to the frequency characteris- 
tics of said crystal resonator. 

4. A machine tool as defined in claim 1 , wherein 



a detection device for detecting given opera- 
tional conditions of said holder is included in 
said holder, and 

detection signal waves received from said de- 
5 tection device are modulated on said plurality 

of carrier waves by said modulation circuit. 

5. A machine tool as defined in claim 4, having said 
holder that is so constructed as to be readily mount- 
10 ed on and removed from a spindle, wherein 

said holder comprises a compensation head 
capable of adjusting the position of said tool in 
the direction of the radius of said spindle, and 
a rotary driving source for driving said compen- 
sation head; 

said detection device has a sensorf or detecting 
the manner of detection of said compensation 
head; and 

20 said detection device is so constructed as to be 

capable of transmitting the information detect- 
ed by said sensor to said controller by means 
of electromagnetic waves. 

25 6. A machine tool as defined in claim 4, wherein 

said holdercomprises, byway of atool, a meas- 
uring head for detecting machining conditions 
of a workplace; 
30 said detection device has a sensor for detecting 

the operational conditions of said measuring 
head; and 

said detection device Is so constructed as to be 
capable of transmitting the information detect- 
35 ed by said sensor to said controller by means 

electromagnetic waves. 

7. A method of carrying out machine tool communica- 
tion between an external controller and a holder to 

40 which a tool is fixed, wherein a transmission device 
comprises: 

a process whereby a plurality of carrier waves 
each having a distinct frequency are simultane- 

45 ously generated; 

a process whereby a plurality of electromagnet- 
ic waves each modulating said signal waves on 
one of said plurality of carrier waves are trans- 
mitted to a reception device; 

50 a process whereby judgment is made as to 

whether or not said plurality of carrier waves are 
simultaneously received by said reception de- 
vice; and 

a process whereby judgment is made only 
55 when said plurality of carrier waves are simul- 

taneously received. 

8. A method of carrying out machine tool communica- 
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tion as defined in clainn 7, wherein not only a funda- 
mental frequency but also frequencies of higher 
hamnonic waves are taken out of a single crystal 
resonator, 

and electronnagnetic waves having said frequen- 5 
cies are used as said plurality of carrier waves. 

9. A method of carrying out machine tool communica- 
tion as defined by claim 7. wherein said plurality of 
carrier waves are simultaneously transmitted by io 
said crystal resonator, and 

temperature compensation is carried out by means 
of a reverse characteristics circuit having character- 
istics reverse to the frequency characteristics of 
said crystal is 

1 0. A method of carrying out machine tool communica- 
tion as defined in claim 7, wherein a machine tool 
comprises: 

20 

a process whereby a given manner of operation 
of said holder is detected by means of a detec- 
tion device contained in said holder; and 
a process whereby detection signal waves 
transmitted from said detection device are ^5 
modulated on said plurality of carrier waves. 
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